VARIABLE COMPENSATION CIRCUIT FOR CAPACITIVE ADAPTERS 



TECHNICAL FIELD 

" The disclosure relates to diagnostic equipment and methods used to analyze the 
performance of intemal combustion engine ignition systems, inclusive of coil-on plug or coil- 

5 over plug ignitions. The disclosure has particular applicability to diagnostic equipment and 

I 

methods utilizing capacitive adapters to detect and output secondary ignition waveforms to a 
display for technician evaluation. 

BACKGROUND DISCUSSION 

Capacitive signal detectors are conventionally used to assess the performance of ignition 
systems, such as coil-on-plug (COP) systems utilizing one coil per cylinder or a direct ignition 
system (DIS) or double ended coil-on plug (DECOP) utilizing one coil per cylinder pair. 
Capacitive signal detectors can output signals indicative of spark plug firing voltage and 
duration, which help technicians determine if any component in the ignition system is 
malfunctioning. Such conventional systems may be found in, for example, U.S. Pat. No. 
4,399,407 to Kling et aL, U.S. Pat. No. 5,461,316 to Maruyama et al., U.S. Pat. No. 5,677,632 to 
Meeker, and U.S. Pat. No. 6,396,278 to Makhija. 

Almost all capacity adapters, whether for sampling coils or ignition wires, employ a 
capacity divider. As shown in FIG. 1 (a), one side of the capacity divider comprises a very small 
capacitor CI, one side of which is placed in the vicinity of the high voltage electric field present 
20 during the ignition system spark cycle. The other side of the capacity divider is connected to the 
top of a much larger capacitor C2 whose bottom side is connected to ground. The ratio of the 
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values of these two capacitors, the high voltage division ratio, is typically between about 5000:1 
and 10,000:1, which corresponds to a voltage across the larger capacitor of between about lOV 
and 5V for a 50kV firing line. Under ideal conditions, the ratio is independent of frequency so 
that the waveform (e.g., the firing line, spark line, or speirk duration) is not distorted. 

5 FIG. 1(b) shows an equivalent circuit for the equipment configuration represented in FIG. 

1(a). Voltage Ei represents the voltage at the sensor 10 proximally coupled to the COP ignition 
30 and voltage EO represents the output voltage. The ratio Eq/Ei is equal to the ratio 
(I*R2)/(I*(Ri+R2) or, simplifying, R2/(Ri+R2). When Ri is much greater than R2, the ratio Eq/Ei 
further simplifies to R2/R1. By superposition, when Xci is substituted for Ri and Xc2 for R2, the 
10 ratio Eq/Ei further simplifies to Xc2/Xci. This is a compensated, or frequency insensitive, 
divider since Eq/Ei is the same for resistances (R's) and capacitive reactances (Xc's). 

Accordingly, conventional adapters are dedicated or designed, developed, and fabricated 
for specific combinations of a COPs and a display device or lab scope. In other words, these 
specifically configured adapters are balanced for use with a particular combination of coil and 

15 equipment. However, if any component in the combination is disturbed by substituting a non- 
dedicated component for a dedicated component in a balanced system (e.g., a different lab scope 
is used), the system is not longer compensated or independent of fi-equency. Accordingly, the 
resulting waveforms conveying data on the firing line, spark line, or spark duration are 
undesirably distorted. An example of this is shown in FIG. 1(c), wherein the spark kV or spark 

20 line voltage decreases notably with time prior to the retum to zero instead of remaining 
reasonably or substantially constemt. 
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For example, a resistance value R2 for a first engine analyzer or lab scope may be 1 MCI, 
whereas a resistance value R2 for a second engine analyzer or lab scope may be 10 Mfl. Thus, a 
sensor system balanced for use with the first scope will not be balanced for use with the second 
scope. 

Therefore, there is a need for a compensated capacity divider which may be adjusted to 
be frequency independent or insensitive for many different combinations of capacitive sensors 
and diagnostic equipment or lab scopes. 

SUMMARY OF THE DISCLOSURE 

The present disclosure illustrates concepts directed to the structure and use of a variable 
compensation circuit between a capacitive adapter and a display device or lab scope to provide a 
properly compensated, substantially frequency insensitive, sensing system for a plurality of 
combinations of sensors and engine analyzers. 

In one aspect, there is provided a variable compensation circuit for capacitive adapters 
comprising an input connector for receiving a signal output from a capacitive adapter positioned 
within an electric near field emitted from a component of an engine ignition system, an output 
connector for outputting a signal output from the variable compensation circuit, a capacitive 
divider circuit portion disposed in series between the input and output connectors, the capacitive 
divider circuit portion comprising at least one of a variable capacitor and a plurality of fixed 
capacitors. The variable compensation circuit also includes a switching element configured to 
enable selection and/or de-selection of any one of or any combination of the plurality of fixed 
capacitors and/or adjustment of a variable capacitor to provide one of a plxirality of selected 
capacitance reactance ratios. 
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In another aspect, there is provided a signal compensation method for engine ignition 
system diagnostics testing comprising the steps of establishing a circuit between a capacitive 
sensor positioned within an electric near field emitted from a component of an engine ignition 
system, a variable compensation circuit, and a diagnostic testing device, inputting a signal from 
the capacitive sensor to the variable compensation circuit, monitoring the signal output from the 
variable compensation circuit using the diagnostic testing device, and adjusting a capacitance 
value of at least one capacitor in the variable compensation circuit to provide one of a plurality 
of selected capacitance reactance ratios. In this method, the variable compensation circuit itself 
comprises a capacitive divider circuit portion including a plurality of capacitors and a switching 
element configured to enable at least one of a selection, de-selection, and adjustment of the 
plurality of capacitors. In another aspect of this method, the adjusting step also includes 
adjusting a retum to zero portion of a displayed waveform output from the variable 
compensation circuit. 

Additional advantages will become readily apparent to those skilled in this art from the 
following detailed description, wherein only preferred examples of the present concepts are 
shown and described. As will be realized, the disclosed concepts are capable of other and 
different embodiments, and its several details are capable of modifications in various obvious 
respects, all without departing from the spirit thereof. Accordingly, the drawings and description 
are to be regarded as illustrative in nature, and not as restrictive. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features, aspects and advantages of the present concepts are 
described in the following detailed description which examples are supplemented by the 
accompanying drawings, in which like reference numerals indicate like elements and in which: 

FIG. 1(a) shows an example of a conventional combination of coil-on-plug ignition, coil- 
on-plug sensor, and lab scope; FIG. 1(b) shows an equivalent circuit for the combination shown 
in FIG. 1(a); FIG. 1(c) shows an example of an conventional combination of coil-on-plug 
ignition, coil-on-plug sensor, and lab scope, wherein a non-dedicated component is substituted 
for a dedicated component. 

FIGS. 2(a)-(b) respectively depict a typical primary ignition waveform and secondary 
ignition waveform displayed as a function of time. 

FIG. 3 shows an example of a variable compensation circuit in accord with the present 
concepts. 

FIG. 4 shows another example of a variable compensation circuit in accord with the 
present concepts. 

FIG. 5 shows an example of the disclosed variable compensation circuit used with a first 
diagnostic testing device. 

FIG. 6 shows another example of the disclosed variable compensation circuit used with a 
second diagnostic testing device. 
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DETAILED DESCRIPTION 



Embodiments described herein or otherwise in accord with the concepts presented herein 
may include or be utilized with any appropriate voltage source, such as a battery, an alternator 
and the like, providing any appropriate voltage such as, but not limited to, about 9 Volts, about 
5 12 Volts, about 42 Volts and the like. 

Coil-on-plug (COP) ignitions generally comprise a spark coil integrally mounted on 
spark plug, which protrudes into and is moimted in an engine cylinder and terminates in spark 
gap. The spark coil conducts transformed, high voltage direct current to the spark plug using 
internal connections. The coil receives low voltage direct current via a wiring hamess that has a 
1 0 distal end coupled to a primary coil of the coil and a proximal end coupled to a battery. 

Figures 2a and 2b illustrate, respectively, a typical primary ignition waveform and 
secondary ignition waveform as a function of time for a conventional engine ignition such as, but 
in no way limited to, a COP ignition. The waveforms have three basic sections labeled Firing 
Section, Intermediate Section, £md Dwell Section. 

1 5 Common reference numerals are used in Figures 2a and 2b to represent common events 

occurring in both the primary and secondary waveforms. At the start S of the waveform, no 
current flows in the primary ignition circuit. Battery or charging system voltage available at this 
point generally ranges from approximately 12-15 volts, but is typically between about 12-14 
volts. At 210, the primary switching device tums on the primary current to start the "dwell" or 

20 "charge" section. At 220, current flows through the primary circuit, establishing a magnetic field 
in the ignition coil windings. A rise in voltage occurs along 230 indicating that coil saturation is 
occurring and, on ignition systems that use coil saturation to control coil current, a current hump 
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or voltage ripple appears at this time. The part of the waveform representing primary circuit on- 
time is between points 210 and 240. Thus, the portion of the signal between points 210 and 240 
represents the dwell period or "on-time" of the ignition coil primary current. 

The primary switching device terminates primary current flow at 240, suddenly causing 
5 the magnetic field to collapse, thereby inducing a high voltage in the primary winding by self- 
induction. An even higher voltage is induced, by mutual induction, into the secondary winding, 
because of a typical 1 :50 to 1 :100 primary to secondary turns ratio. The secondary voltage is 
delivered to the spark plug gap, and the spark plug gap is ionized and current arcs across the 
electrodes to produce a spark 250 (i.e., the "firing line") to initiate combustion and the spark 
10 continues for a period of time called the "spark duration" or "bum time" 260. 

The firing line 250, measured in kilovolts, represents the amount of voltage required to 
start a spark across the spark plug gap, and is generally between about 6-12 kV. The bum time 
260 represents the duration of the spark event, is generally between about 1 -3 milliseconds and is 
inversely related to the firing kV. If the firing kV increases, bum time decreases and vice versa. 
15 Over the bum time 260, the discharge voltage across the air gap between spark plug electrodes 
decreases until the coil energy cannot sustain the spark across the electrodes (see e.g., 270). At 
280, an oscillating or "ringing" voltage results fi-om the discharge of the coil and continues imtil, 
at 290, the coil energy is dissipated and there is no current flow in the primary circuit. 

To detect the above events, the capacitive adapter or sensor 10 is placed within an electric 
20 near field of a component of the engine ignition system, such as adjacent a coil on plug ignition 
housing or around or adjacent a spark plug wire, by an appropriate fixation device or placement 
technique. The detected signal is output via an output lead, which may comprise any physical 
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means by which a signal may be output from the capacitive adapter 10 such as, but not limited 
to, co-axial cable, cables, or wires. Such means for outputting a signal are passive and require no 
extemal power, thus complementing the disclosed capacitive adapter by providing a completely 
passive system advantageously requiring no extemal power. However, other means for 
5 outputting a signal are also encompassed by the present concepts including, but not limited to, 
acoustic (e.g., radio frequency (RF)) or light-based (e.g., light infrared (IR)) transmitters or any 
other medium (i.e., carrier waves) by which information may be transmitted. The capacitive 
sensor or adapter 10 may comprise any type of conventional capacitive adapter. 

The input of vziriable compensation circuit 300 shown in FIG. 3 is connected, via input 
10 terminal Jl, to any conventional capacitive adapter or capacity coupled adapter such as, but not 
limited to, Snap-On® COP-1 through COP-9 adapters (EETM306A03 through EETM306A13), 
Vantage® kV Module CIC adapters. Vantage® kV clips, Modis® kV clips, Snap-On® spring 
clip, Snap-On® universal clip, Snap-On® magnetic mount adapter, DIS tester HV wire clip, 
Bosch® HV wire clip, Snap-On® flags, or Snap-On® hybrid adapters. Variable compensation 
15 circuit 300 output J2 is coimected to any conventional engine analyzer, lab scope, ignition scope, 
or display, such as but not limited to a Snap-On® Vantage®/KV Module (EETM306A) or Snap- 
On® MODIS® module, using an appropriately configured signal output device or cable (e.g., a 
Snap-On® cable EETM306A01 or 6-03422A, Rev. D, for the above diagnostic devices). The 
MODIS® module provided by way of example herein generally includes any lab scope or 
20 ignition scope with a 10 MQ DC input resistance and a 3 db bandwidth or 3 MHz minimum. 

Once the variable compensation circuit 300 is electrically connected between the 
capacitive adapter or sensor 10 and a selected diagnostic testing device, such as a lab scope or 
engine analyzer (e.g., a Snap-On® Vantage/KV Module, Snap-On® MODIS™, or conventional 
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lab scope), an output of the variable compensation circuit may be adjusted, such as represented 
in the example of FIGS. 3 and 4, by selection or de-selection of fixed capacitors (e.g., C2, C3, 
C4, C6, C7, and C8) and/or by adjustment of variable capacitors (e.g., CI and/or C9). The 
selection or de-selection (isolation) of fixed capacitors C2-C8 in the example of FIG. 3 is 
5 accomplished by SPST toggle switches provided in series to individual fixed capacitors, 

although any other conventional switch, relay, switch, rotary switch, electronic switching matrix, 
or multiplexor may also be substituted therefor. It is generally desired to select switches with a 
low capacity, such as provided in the examples herein, so as to minimize influence of the switch 
on the circuit. 

10 Although a single switch is provided in series to an individual fixed capacitor in the 

example of FIG. 3, switches may alternatively or additionally be placed and/or configured to 
permit selection or de-selection of banks (i.e., a plurality) of capacitors. For example, as shown 
in FIG. 4, rotary switch SI is configured to select any of C2, C3, and a capacitor having the 
combined capacitance of C2 + C3. In one aspect, rotary switch SI may be a 1-pole electroswitch 

15 having 2-12 positions and set for 4 positions and may comprise, for example, a D2D01 12N 
switch or other mil-spec Dl or D2 series, non-shorting ceramic rotary switch. Likewise, a 
similar rotary switch S2 is configured to select one of a plurality of capacitances represented by 
C4 and multiples thereof (e.g., C4, 2*C4, 3*C4, 4*C4). Thus, as appreciated by those of 
ordinary skill in the circuit design art, the exemplary circuit configurations presented in FIGS. 3- 

20 4 may be reconfigured in innumerable ways to achieve the same effect or similar ends. In accord 
with the present concepts, any number of capacitors or capacitive elements or combinations of 
such capacitors or capacitive elements may be provided in parallel and/or in series may be 
employed to adjust or tune the capacitance ratio to a selected one of a plurality of values. 
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In one aspect, the capacitance ratio of variable compensation circuit 300 may be adjusted 
by selection, de-selection, and/or adjustment of the available capacitors or groupings of 
capacitors in the portion of the circuit in series to the output (i.e., circuit portion 310), to provide 
a firing line of about 10 kV (e.g., 7kV to 15 kV). In the circuit shown in the Example of FIGS. 
5 3-4, the gross level of the firing line may be adjusted by selecting a desired setting (on/off) for 
each of the fixed capacitors (e.g., C2 "on", C3 "off) to provide any desired combination of 
settings thereof and/or variation of the variable capacitor CI. In the illustrated example, the first 
shunt 320 and the second shunt 330 may then be further adjusted to provide a satisfactory (i.e., 
minimal distortion) retvim to zero at the end of bumtime. Optionally, the functionality of 
10 adjusting the capacitances and capacitive reactances to provide a satisfactory retum to zero at the 
end of bumtime may be manifested in alternative circuit configurations (i.e., other than that 
depicted in the examples of FIGS. 3-4) in a manner known to those skilled in the art of 
automotive diagnostic circuit design. 

In one aspect, a signal compensation method for engine ignition system diagnostics 
15 testing in accord with the present concepts comprises the steps of establishing a circuit between a 
capacitive sensor positioned within an electric near field emitted fi-om a component of an engine 
ignition system, a variable compensation circuit, and a diagnostic testing device, inputting a 
signal firom the capacitive sensor to the variable compensation circuit, monitoring the signal 
output firom the variable compensation circuit using the diagnostic testing device, and adjusting a 
20 capacitance value of at least one capacitor in the variable compensation circuit to provide one of 
a plurality of selected capacitance reactance ratios, wherein the variable compensation circuit 
comprises a capacitive divider circuit portion including a plurality of capacitors and a switching 
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element configured to enable at least one of a selection, de-selection, and adjustment of the 
plurality of capacitors. 

To ensure that the variable compensation circuit 300 is not being adjusted to a potentially 
degraded cylinder, the circuit 300 may be set by initially reviewing the indicated peak firing 
5 voltages of a plurality of COPs (e.g., 2 or more) and adjusting the circuit based on the highest 
indicated peak firing voltage. In another aspect, a guide may be prepared compiling desired 
circuit configurations for selected combinations of sensors and diagnostic devices. This firing 
line value (10 kV) is completely arbitrary and is selected solely for the reason that this value is 
typically encountered by technicians and diagnosticians evaluating properly operating ignition 
1 0 signal traces and will accordingly mitigate confusion which might arise over other values, such 
as 5 kV, 20 kV, or 40 kV, which are equally viable in accord with the concepts expressed herein. 
A firing line of at least 5 kV is desirable. 

Once the firing line is set to a satisfactory level, it is desired to modify the capacitance to 
also set the voltage observed at the end of the bumtime to zero (i.e., no residual charge left in the 

15 capacitors). FoUovsdng the initial adjustment of the variable compensation circuit 300, the first 
shvmt 320 and/or the second shunt 330 are adjusted to set the voltage observed at the end of the 
bumtime 240 (insert into figure corresponding numbers from FIGS 2a-b) to zero, as shown in 
FIGS. 5-6. Once this adjustment is completed, the indicated spark event will closely 
approximate the actual firing event and the resulting waveform can be confidently used to 

20 diagnose the firing line (power kV), spark line (spark kV), spark duration (bumtime) and other 
events of interest. 
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The above-noted adjusting step may comprise adjustment of a capacitance value of a 
capacitive divider circuit portion 310 disposed in series between input connector Jl and output 
connector J2 of the variable compensation circuit 300, particularly by selection or de-selection of 
one or more fixed capacitors (e.g., C2, C3) and/or adjustment of the variable capacitor CI. The 
5 above-noted adjusting step may also comprise, alternatively or in combination, adjustment of the 
capacitance value of the first shunt 320 and/or the second shunt 330. In the illustrated example, 
the adjustments to the shunts could comprise, for example, adjusting the variable capacitor CI, 
selecting or deselecting any of the fixed capacitors (C2, C3, C4, C5, C7, C8), or disconnecting 
the first shunt 320 or the second shunt 330 fi*om the circuit by an appropriate switch. 

10 As noted above, the signal compensation method adjusting step fiorther comprises 

adjusting a capacitance value of the capacitive divider circuit portion 310 and/or the first shunt 
320 and/or the second shunt 330 to adjust a firing line of a displayed waveform output from the 
variable compensation circuit. The method also includes adjusting a capacitance value of the 
capacitive divider circuit portion 310 and/or the first shunt 320 and/or the second shunt 330 to set 

15 the best retum of voltage to zero following the end of bumtime of a displayed waveform output 
firom the variable compensation circuit 300. In other words, the capacity in the circuit is 
increased or reduced, in the manner previously indicated, to minimize the residual decay (e.g., 
RC exponential decay) of shunt capacitors which are positively or negatively charged at the zero 
crossing after the end of bumtime. In this manner, the displayed waveform will closely 

20 approximate the actual firing event. 

FIGS. 5-6 show examples of a variable compensation circuit 300 in accord with the 
present concepts used with a first diagnostic testing device and a second diagnostic testing 
device. FIG. 5 shows a waveform prior to inversion and subsequent to adjustment to eliminate 
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distortion, such as that shown in FIG. 1(c), wherein the firing Hne is adjusted to about 7kV and 
the best return to zero at the end of the bumtime or sparkline. FIG. 5 shows a waveform 
resulting from combination of the variable compensation circuit 300 with a COP-1 (Ford) 
ignition, a spring clip capacitive adapter as a sensor, and a Snap-On® MODIS^^ as a diagnostic 
5 testing device, wherein the variable compensation circuit is connected to the MODIS''''^ by an 
EETM306A01 cable. FIG. 6 shows another waveform on Channel 1, from the S2ime COP-1 
ignition, using a HV probe (Snap-On® Part No. P6015) and a TEK TDK220 diagnostic testing 
device. This combination of the HV probe and the TEK TDK220 is extremely accurate and 
represents the "gold standard" of diagnostic testing by which other devices and combinations are 
10 measxH-ed. As a result of the variable compensation circuit 300, no significant distortion is 
observed between the output waveforms of FIGS. 5-6. 

The examples described herein may be used with any desired ignition system or engine. 
Those systems or engines may comprises items utilizing organically-derived fiiels or fossil fuels 
and derivatives thereof, such as gasoline, natural gas, propane and the like or combinations 

15 thereof. Those systems or engines may be utilized with or incorporated into another systems, 

such as an automobile, a truck, a boat or ship, a motorcycle, a generator, an airplane and the like. 
Various aspects of the present concepts have been discussed in the present disclosure for 
illustrative purposes. It is to be understood that the concepts disclosed herein is capable of use in 
various other combinations and environments and is capable of changes or modifications within 

20 the scope of the concepts expressed herein. Moreover, although examples of the apparatus and 
method were discussed, the present concepts are not limited by the examples provided herein and 
additional variants are embraced by the claims appended hereto. 
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